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ABSTRACT
Iowa wood turtles (Glyptemys insculpta) were tracked using radio telemetry to compare juvenile,
male, and female habitat usage during specific seasonal activity periods. Field data collected included:
time, geographic location, habitat type, surrounding vegetation type and abundance, ambient weather
conditions, turtle body temperature and mass, water depth (when aquatic), distance from water, behavior
category, and amount of exposure to UV light. While active in 2017 – 2019, the wood turtle population
at three Iowa sites was 53% terrestrial and 47% aquatic, with the most frequent respective habitats being
emergent clearings (grasses, forbs, saplings) and lotic (river, stream, creek). Females were more
terrestrial during the active seasons (44% aquatic), but males were more aquatic (54%). In the
Prenesting period, both were mostly aquatic, but males were more so than females (59% versus 52%).
Both sexes were overwhelmingly terrestrial during the Nesting period (males: 87%, females: 74%).
During the Postnesting period, both largely selected terrestrial habitats, though females did so more than
males (75% versus 58%). During the Prehibernation period, both were mostly aquatic (males: 78%,
females: 81%). Overall, juveniles were more aquatic than terrestrial (52% aquatic), resembling the
behavior of males. In congruence with other wood turtle populations, Iowa wood turtle habitat selection
patterns included seasonal and sex-related trends in proximity to water and the usage of specific habitats
during active periods (likely associated with shifting thermoregulatory behaviors). Distance from water
and terrestrial habitat usage increased during the summer months for both males and females, as ambient
temperatures rise, and decrease throughout autumn. Females venture significantly further inland than
males during every active period. Due to the stability of water temperatures relative to cool nighttime air
temperatures during Prenesting and Prehibernation, the turtles selected aquatic habitats more frequently,
and they remained in riparian areas when terrestrial, which have opportune sites for basking while
facilitating stream access. Females have a greater affinity than males do for open-canopy habitats during
Prenesting. This trend is not only possibly related to egg production, but also to male behavior, which
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involves males using the river to search for mates, socialize and establish dominance. Any differences in
overwintering locations do not seem to be sex related. Lastly, further studies should be conducted with
larger samples of juveniles.
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INTRODUCTION
This field-based project utilized radio telemetry to track North American wood turtles
(Glyptemys insculpta) in three geographically similar Iowa locations to assess their habitat usage and
behavior. Wood turtles belong to the family Emydidae and subfamily Emydinae, which is comprised of
semi-aquatic and terrestrial turtles (Berg, 2014). In 1996, Glyptemys insculpta was labeled a ‘vulnerable’
species on the International Union for Conservation of Nature Red List. After reassessment in 2010, it
earned the elevated ‘endangered’ classification due to a trend in population decline across its geographic
range (van Dijk and Harding, 2011). In 1997, the wood turtle was listed as an endangered species in
Iowa due to its small range, perceived low population numbers, and the likelihood of continued habitat
destruction (571-Chapter 77, Iowa Administrative Code; Christiansen and Bailey, 1997).
The importance of conserving a species such as Glyptemys insculpta is supported by several
ethical principles, which state that biological diversity has intrinsic value, that the extinction of
populations and species should be prevented, and that species diversity and biological communities
should be preserved (Primack, 2014). The Iowa wood turtle population is particularly important to the
conservation of the entire species since it is a peripheral isolate, located at the western edge of its range,
possessing distinct genetic characteristics (Spradling et al., 2010) that may aid in maintaining the genetic
diversity of the species.
The goal of this project was to identify trends in habitat selection in accordance with specific
activity periods. Primary research questions included: Does sex impact habitat selection in Iowa wood
turtles? What are some potential factors that affect habitat selection in the two sexes? More specifically,
are there differences in habitat selection between sexes that relate to behaviors during various activity
periods (Prenesting, Nesting, Postnesting, and Prehibernation)? For example, are males more aquatic
than females during all or certain activity periods? Will females be observed more frequently in
terrestrial habitats with higher levels of sun exposure (i.e., open-canopy habitats) during Prenesting
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when eggs are developing? How will female habitat selection change during Postnesting? Are there
differences in how far each sex ventures from water? And, finally, does juvenile behavior differ from
that of the adults?
Because no published literature exists on the differences in habitat selection between male and
female wood turtles in this geographic location, data obtained from this project, including fluctuations in
the mean distance to water and in the percentages of each type of habitat selected, will be shared with
Iowa’s Department of Natural Resources and local county conservation boards. An understanding of this
data will assist in formulating refined recommendations for habitat management, habitat restoration, and
any development projects, such as the construction of bridges, residential areas, or agricultural sites, that
could potentially impact this endangered species.
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LITERATURE REVIEW
The wood turtle (Glyptemys insculpta) is an endangered species found in southern Canada and in
northeastern regions of the United States, extending into areas of the upper Midwest, including an
isolated population in northeastern Iowa (Ernst and Lovich, 2009; Spradling et al., 2010). Several factors
have led to a decline in this species across its range, a few being habitat destruction and fragmentation,
nest destruction and high egg mortality, late maturity of juveniles, poaching and overcollection, and the
impact of agricultural and highway mortality. Growing populations of egg predators that thrive in
response to urbanization, such as raccoons, may destroy all the nests in a given year (Ernst and Lovich,
2009; Harding, 2008). Although this species has existed for millions of years (Montiel et al., 2016),
changes in land use patterns, mesopredator abundance, flooding patterns, and other recent threats to its
survival make applying measures that assist in its protection essential.
Previously published literature may lend a valuable understanding of impending threats to
Glyptemys insculpta, but it is imperative to document the variability of these threats across its range.
Important research pertaining to this project involved identifying trends in habitat selection in
accordance with specific activity periods, determining movement patterns and home range size,
characterizing overwintering and other crucial locations, and documenting behaviors that promote
maximal energy gain. Because habitat selection varies with geographic location, the present research is
not only a valuable addition to current knowledge regarding wood turtles that was obtained in other
regions, but it also serves to aid in the improvement of Iowa conservation measures.
The literature suggests that habitat selection is influenced by various factors differently between
sexes, such as proximity to water and seasonal usage of specific habitats. Conversely, some factors of
habitat selection seem to be independent of sex, such as selection of overwintering locations and some
aspects of thermal ecology. One study in Minnesota found that wood turtles tended to remain within 100
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meters (m) of flowing water (Brown et al., 2016), but prior data from Iowa field sites has indicated that
females may range up to 200 – 300 m from water, and males may be located closer to lotic water
sources than are females during active periods (Tamplin, pers. obs.). Control of body temperature is an
important factor related to habitat selection. Many species of turtles, including Glyptemys insculpta,
have an “optimum temperature,” which promotes efficient food passage, digestion, and growth rates. In
G. insculpta, the optimum temperature range is 26 – 30 °C (Dubois et al. 2008). Beyond this optimum
temperature, the efficacy of the aforementioned processes decreases profusely. Therefore, achieving
temperatures that approach the optimum without surpassing it will maximize energy gain (Berg, 2014).
In Kaufmann’s study (1992a), as the air cooled, males and females were found more often in water,
where temperatures remained relatively constant and above the critical thermal minimum; they also
became more terrestrial with increasing air temperatures. During hibernation, when the turtles become
dormant and metabolic activity slows, both sexes share a tendency to reside along undercut riverbanks
and in creeks near overhanging branches, submerged logs, or fallen trees (Greaves and Litzgus, 2007;
Berg, 2014).
Aside from aquatic habitat selection during hibernation, sex-related thermoregulatory behaviors
differentially influenced habitat usage during active periods, according to results from a Quebec study.
The study showed that differences in habitat usage arose during active periods, such as Prenesting, when
females sought sunny areas to reach their optimal temperature and in turn maximized energy gain
important for egg clutch production (Dubois et al., 2008).
During the Nesting period, sex-related differences in habitat selection have also been noted.
Females were more terrestrial during Nesting, as a proper nest-site included ample exposure to sunlight,
no capacity to flood, and a substrate composed of sand or gravel (Ernst and Lovich, 2009). Mating is
conducted both in the spring (Prenesting) and autumn (Prehibernation), occurring more intensively in
the latter (Ernst and Lovich, 2009; Kaufmann, 1992a; Walde et al., 2003). As males do not produce
4

eggs, they tend to spend more time in water in search of mates and dominance-establishing encounters
with other males (Ernst and Lovich, 2009; Kaufmann 1992a; Kaufmann, 1992b). An interesting
phenomenon, unrelated to the activity period, seemed to occur at one site. There, males had a greater
risk of agricultural related mortality due to more time spent in agricultural areas; in many regions,
mortality and injury relating to agriculture is of rising concern for the conservation of the species
(Saumure and Bider, 1998; Tingley et al., 2009).
Factors affecting habitat selection that seem independent of, or correspond to, sex were both
considered in this project, determining their prevalence in the Iowa wood turtle population. A
considerable focus involved habitat selection and behaviors observed during different activity periods.
Obtaining and analyzing wood turtle habitat usage information is important, as results from this project
expand on current knowledge to better understand how to protect and promote specific populations
(McCoard et al., 2016).

Figure 1. Image depicting the sexual dimorphism in wood turtles (Glyptemys insculpta). Flat plastrons,
smaller average body sizes, and shorter tails characterize females (left). In contrast, males (right) have
concave plastrons, larger average body sizes and heads, and longer tails. Photo taken in Butler County,
Iowa by Jeffrey W. Tamplin (Berg, 2014).
5

METHODS AND MATERIALS
The data generated through this project is part of a long-term, year-round monitoring program
that serves as the main research focus of Dr. Tamplin’s current and future students. My participation in
the program spanned from January 15, 2019 to December 10, 2019, but to ensure a more representative
account of turtle behavior, data collected from January 17, 2017 to January 14, 2019 was also analyzed.
Typically, collection times occurred between 1200 – 2000 hours, headed by Dr. Tamplin and/or field
technician Samuel Berg and assisted by one or more undergraduate students. The team collected field
data two to three times each week at three geographically similar locations: Big Marsh Wildlife
Management Area (West Fork Cedar River watershed) in Butler County, and at the Washington Union
Access Area (Cedar River watershed) and Beaver Creek Falls Access Area (Beaver Creek watershed) in
Black Hawk County.

Figure 2. Aerial view of the Beaver Creek Falls Access Area (Beaver Creek watershed)
study site located in the northwestern region of Black Hawk County. Yellow line defines
a 300 m buffer around the site’s center, Beaver Creek (Otten, 2017).
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Figure 3. Aerial view of the Big Marsh Wildlife Management Area (West Fork Cedar
River watershed) study site located in Butler County. Yellow line defines a 300 m buffer
around the site’s center, the West Fork Cedar River (Otten, 2017).

Radio telemetry was utilized to track up to 31 female and 15 male wood turtles, including two
juveniles of each sex who, by the end of 2017, developed into adults. Each turtle tracked had previously
been processed in the lab where an Advanced Telemetry Systems (ATS) model R2220 transmitter with a
unique frequency was attached to the carapace (Figure 4). Moreover, it was measured, photographed,
sexed, given identification numbers, and marked with a unique pattern of drilled holes along the edges
of its marginal carapace scutes (modified from Cagle 1939). An R410 radio receiver was harnessed to
radio-track and locate each wood turtle approximately once per week, when weather and field conditions
allowed.
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Figure 4. Transmitter attached to IA29, a male wood turtle (Glyptemys insculpta) in Butler County
(Photo by Jeffrey W. Tamplin).
For each of the 2316 turtle observations (1482 obtained during the active seasons), recorded data
points included: time, geographic location (latitude, longitude, and elevation), habitat type (lotic aquatic,
lentic aquatic, emergent clearings, riparian grasses and willow saplings, deciduous woods, river bank
with sparse cover, open river bank with no cover, or ‘other’ [e.g. basking on a log]) (Figure 5),
surrounding vegetation type and its abundance (percent cover of canopy, sub-canopy, and at ground
level), ambient weather conditions (cloud cover, precipitation, humidity, wind intensity, and air, soil,
and water temperatures), and turtle body temperature, body mass (when hand captured), water depth (if
aquatic; at turtle location, channel, and minimum and maximum depths within a 10 m radius of the turtle
location), distance from water, behavior category (basking, hiding, feeding, socializing, mating, nesting,
swimming, or walking), and exposure to UV light (if terrestrial; turtle exposure level recorded along
with minimum, maximum, and average environmental values within 10 m of the turtle location).
Precision devices utilized for data collection included GARMIN GPS Map 60CSX for latitude,
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longitude, and elevation; canopy densiometer (Forestry Suppliers, Inc. No. 43887) for percent cover of
vegetation; Protmex MS6508 Digital Thermometer Hygrometer for percent relative humidity; Fisher
Scientific waterproof digital thermometer (model no. 15-077-9D) for temperature (± 0.1 °C); a small
digital scale for body mass (± 0.1 g); RIDGID 1602 2 Meter Fiberglass Folding Rule (model no. 81280)
for water depth; and EXTECH Instruments Light Meter LT300 for exposure to UV light (lux). After
data collection, the turtles were returned to their initial locations.
Following each field day from January 17, 2017 to December 10, 2019, data was entered into a
Microsoft Excel database where it was analyzed utilizing the program’s sorting feature. An additional
Excel spreadsheet was employed to formulate graphs regarding distance to water and habitat selection
for each sex during various activity periods, including Prenesting, Nesting, Postnesting, Prehibernation,
and Hibernation.
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Figure 5. Examples of each habitat type. A) Emergent (grasses, forbs, saplings). B) Riparian grasses and
willow saplings. C) Deciduous woods (maple, elm, cottonwood). D) Other (basking on a log). E) River
bank (sparse cover). F) Open bank (sand, mud). G) Lotic (river, stream, creek). H) Lentic (pond, marsh,
ephemeral pool). Photos taken in Iowa in Butler and Black Hawk Counties by Jeffrey W. Tamplin.

Figure 6. Female wood turtle (IA059) hibernating on the river bottom in Butler County, Iowa (Photo by
Samuel W. Berg).
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RESULTS
March 2 marked the first active day of 2017 with the first terrestrial activity observed on April 4.
The following year, the first terrestrial observation was not until April 27, 2018, likely resulting from an
abnormally prolonged period of below average temperatures. In 2019, the active season commenced on
March 29, followed by the first terrestrial sighting recorded on April 16. All three active seasons
concluded by the end of the second week of November (Table 1). While active from 2017 – 2019,
Glyptemys insculpta was 53% terrestrial and 47% aquatic overall (Figure 7), with the most frequent
respective habitats being emergent clearing and lotic (Figure 8). However, this differs for each sex.
Although females were more terrestrial during the active seasons (44% aquatic, Figure 9), males were
more aquatic (54%, Figure 10). A commonality in both sexes was the general fluctuation in distance to
water as the turtles were active. Distance from water increased during the summer months, as ambient
temperatures rose, and decreased throughout autumn (Table 1 and 2; Figures 24, 25, and 26).

Table 1. Dates for the initiation and conclusion of each activity period in 2017 – 2019 for wood turtles
(Glyptemys insculpta) in Black Hawk and Butler Counties.
Prenesting

Nesting

Postnesting

Prehibernation

2017

March 2–June 5

June 6–June 12

June 13–October 2

October 3–
November 13

2018

April 24–June 4

June 5–June 11

June 12–October 3

October 4–
November 13

2019

March 29–June 4

June 5–June 17

June 18–September
25

September 26–
November 13
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Table 2. Distance from water (meters); including the standard deviation (SD), maximum, and sample
size (n); by activity period and sex for wood turtles (Glyptemys insculpta) in 2017 – 2019 in Black
Hawk and Butler Counties.

Female
Male

Mean ± SD, Max
Distance to Water
(m): Prenesting

Mean ± SD, Max
Distance to Water
(m): Nesting

Mean ± SD, Max
Distance to Water
(m): Postnesting

Mean ± SD, Max
Distance to Water
(m): Prehibernation

10.56 ± 19.53,
101; n=319
4.31 ± 9.41,
60; n=180

17.24 ± 20.84,
96; n=43
13.54 ± 14.28,
52; n=16

39.86 ± 53.15,
220; n=421
9.28 ± 14.98,
98; n=207

5.79 ± 19.72,
205; n=165
3.67 ± 8.45,
32; n=77

The first active period, Prenesting, began on the turtles’ first active day, extending to the first
week of June (Table 1). While both sexes often resided in aquatic habitats, males were more aquatic
than females (59% versus 52%) (Figures 12 and 13). Two to three percent of the total aquatic habitats
selected were lentic, which was similar to the other active periods. When terrestrial, both generally
remained in riparian areas, but females ventured further inland and generated a maximum distance from
water of 101 m (n=319), 41 m further than males (Table 2). As shown in Figures 12 and 13, females and
males displayed comparable selection of emergent clearing, sparse cover river bank, and deciduous
woods habitats, but females were found more frequently in riparian areas dominated by grasses and
willow saplings. Emergent clearing was the most utilized terrestrial habitat for both sexes during
Prenesting, as well as in every other active period, apart from Prehibernation, when males selected
deciduous woods most frequently.
The Nesting period stretched an average of eight days. Both sexes were overwhelmingly
terrestrial (87% for males and 74% for females) (Figures 15 and 16). Aside from emergent clearings, the
terrestrial areas occupied most by females were deciduous woods (19%) and grasses and willow saplings
(9%). The Nesting period also constituted the active period when females spent the most time on river
banks (5%) (Figure 15). Grasses and willow saplings (12%) and basking on logs (6%) were frequent
terrestrial choices among males (Figure 16). Both sexes ventured further from water during the Nesting
period than in Prenesting, displaying average distances of 17.24 m ± 20.84 (females, n=43) and 13.54 m
13

± 14.28 (males, n=16). Similar to the previous active period, the maximum distance females travelled
was 96 m, approximately double that of males (Table 2).
Postnesting occurred from mid-June to late September-early October (Table 1). Once again, both
sexes largely selected terrestrial habitats, though females did so more than males (75% versus 58%)
(Figures 18 and 19). Deciduous woods, and riparian grasses and willow saplings were equally the
second most selected terrestrial habitats for males and females during Postnesting. Even though
distances from water increased for both, females travelled an average of over four times further than
males (Table 2). Additionally, the maximum distance from water for females (220 m) was more than
twice that of males (98 m).
The final active period, Prehibernation, persisted until the second week of November (Table 1).
Corresponding to declining air temperatures, both sexes returned to water, with 78 and 81% (males and
females, respectively) of their observations occurring in aquatic habitats (Figures 21 and 22). Deciduous
woods was the second most selected terrestrial habitat during this period for females. Even when
terrestrial, both remained close to water, females had only a slightly greater mean (males: 3.67 ± 8.45,
n=77; females: 5.79 ± 19.72, n=165) (Table 2). In contrast, the females’ maximum distance of 205 m
was nearly 6.5 times greater than the males’ (32 m), which occurred during the first week of
Prehibernation.
Although this project primarily focused on differences between male and female adults, a simple
analysis of juvenile data, collected in 2017 before the two turtles matured, was also performed to
determine how juvenile behavior compares to adult behavior. Overall, during the active season,
juveniles were more aquatic than terrestrial (52% aquatic, n=54; Figure 11), resembling the behavior of
males. Still, habitat selection patterns of juveniles during each active period reflected behavior similar to
that of adults. Juveniles were more aquatic in Prenesting (70%, n=17; Figure 14), were terrestrial in
Nesting (100%, n=1; Figure 17) and in Postnesting (65%, n=26; Figure 20), and were largely aquatic in
Prehibernation (70%, n=10; Figure 23).
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During the Hibernation period, both sexes chose similar habitats on the bottoms of rivers, often
near undercut root banks and flood debris, felled trees, overhanging branches, or submerged root
masses, according to 810 observations from the Hibernation periods of 2016-2017, 2017-2018, and
2018-2019.

Figure 7. Percentage of terrestrial and aquatic locations of wood turtles (Glyptemys insculpta) during the active
period in Black Hawk and Butler Counties in 2017 – 2019. Observations (N = 1482) were recorded from 1200 –
2000 hours from the onset of the active season through the end of activity for each year.
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Figure 8. Habitat selection of wood turtles (Glyptemys insculpta) during the annual active periods in Black Hawk
and Butler Counties in 2017 – 2019. Observations (N = 1482) were recorded from 1200 – 2000 hours from the
onset of the active season through the end of activity for each year.

Figure 9. Habitat selection of female wood turtles (Glyptemys insculpta) during the annual active periods in
Black Hawk and Butler Counties in 2017 – 2019. Observations (N = 948) were recorded from 1200 – 2000 hours
from the onset of the active season through the end of activity for each year.
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Figure 10. Habitat selection of male wood turtles (Glyptemys insculpta) during the annual active periods in
Black Hawk and Butler Counties in 2017 – 2019. Observations (N = 480) were recorded from 1200 – 2000 hours
from the onset of the active season through the end of activity for each year.

Figure 11. Habitat selection of juvenile wood turtles (Glyptemys insculpta) during the annual active periods in
Black Hawk and Butler Counties in 2017 – 2019. Observations (N = 54) were recorded from 1200 – 2000 hours
from the onset of the active season through the end of activity for each year.
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Figure 12. Habitat selection of female wood turtles (Glyptemys insculpta) during Prenesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 319) were recorded from 1200 – 2000 hours from the onset
through the end of Prenesting for each year.

Figure 13. Habitat selection of male wood turtles (Glyptemys insculpta) during Prenesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 180) were recorded from 1200 – 2000 hours from the onset
through the end of Prenesting for each year.
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Figure 14. Habitat selection of juvenile wood turtles (Glyptemys insculpta) during Prenesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 17) were recorded from 1200 – 2000 hours from the onset
through the end of Prenesting for each year.

Figure 15. Habitat selection of female wood turtles (Glyptemys insculpta) during Nesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 43) were recorded from 1200 – 2000 hours from the onset
through the end of Nesting for each year.
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Figure 16. Habitat selection of male wood turtles (Glyptemys insculpta) during Nesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 16) were recorded from 1200 – 2000 hours from the onset
through the end of Nesting for each year.

Figure 17. Habitat selection of juvenile wood turtles (Glyptemys insculpta) during Nesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 1) were recorded from 1200 – 2000 hours from the onset
through the end of Nesting for each year.
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Figure 18. Habitat selection of female wood turtles (Glyptemys insculpta) during Postnesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 421) were recorded from 1200 – 2000 hours from the onset
through the end of Postnesting for each year.

Figure 19. Habitat selection of male wood turtles (Glyptemys insculpta) during Postnesting in Black Hawk and
Butler Counties in 2017 – 2019. Observations (n = 207) were recorded from 1200 – 2000 hours from the onset
through the end of Postnesting for each year.
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Figure 20. Habitat selection of juvenile wood turtles (Glyptemys insculpta) during Postnesting in Black Hawk
and Butler Counties in 2017 – 2019. Observations (n = 26) were recorded from 1200 – 2000 hours from the onset
through the end of Postnesting for each year.

Figure 21. Habitat selection of female wood turtles (Glyptemys insculpta) during Prehibernation in Black Hawk
and Butler Counties in 2017 – 2019. Observations (n = 165) were recorded from 1200 – 2000 hours from the
onset through the end of Prehibernation for each year.
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Figure 22. Habitat selection of male wood turtles (Glyptemys insculpta) during Prehibernation in Black Hawk
and Butler Counties in 2017 – 2019. Observations (n = 77) were recorded from 1200 – 2000 hours from the onset
through the end of Prehibernation for each year.

Figure 23. Habitat selection of juvenile wood turtles (Glyptemys insculpta) during Prehibernation in Black Hawk
and Butler Counties in 2017 – 2019. Observations (n = 10) were recorded from 1200 – 2000 hours from the onset
through the end of Prehibernation for each year.
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Figure 24. Distance from water (meters) of 724 individual wood turtle (Glyptemys insculpta) locations during the
annual period of activity (March 2 through November 13) in Black Hawk and Butler Counties during 2017.

Figure 25. Distance from water (meters) of 441 individual wood turtle (Glyptemys insculpta) locations during the
annual period of activity (April 24 through November 13) in Black Hawk and Butler Counties during 2018.

24

Figure 26. Distance from water (meters) of 317 individual wood turtle (Glyptemys insculpta) locations during the
annual period of activity (March 29 through November 13) in Black Hawk and Butler Counties during 2019.
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CONCLUSION
Iowa wood turtle habitat selection patterns included seasonal and sex-related trends in proximity
to water, and the usage of specific habitats during specific active periods (likely associated with
changing thermoregulatory behaviors); these patterns are similar to that observed in other wood turtle
populations in the United States and Canada. Males and female wood turtles in Iowa exhibit similarities
in selection patterns during the active season with some factors being different between sexes. For
instance, throughout the entire active season, males spend a greater percentage of time in aquatic
habitats, while females are more terrestrial. Yet, as Kaufmann (1992a) concluded, an increase in ambient
temperatures corresponds to more terrestrial habitat usage during Nesting and Postnesting when both
sexes are more terrestrial than aquatic. Still, females are even more terrestrial than males during
Postnesting. Furthermore, while rising temperatures increase both sexes’ land usage, gravid females also
become more terrestrial during Nesting as they search for proper nesting sites and deposit their clutches.
When the turtles are terrestrial, they select areas that provide optimal cover to evade predators,
manage exposure to sunlight, and provide foraging opportunities. The most preferred terrestrial habitat
for both sexes during the 2017 – 2019 active seasons was emergent clearings, but an incline in the
selection of shadier areas, such as deciduous woods, is observed during Postnesting, when annual air
temperatures are at their peak and near or above the optimal body temperature of wood turtles. This
habitat selection trend aids in thermoregulation, assuring the optimum temperature is approximated but
not surpassed. In addition, male and female distances from water increase throughout warm months with
Postnesting being the period of furthest travel from aquatic locations. Females venture significantly
further inland than males during every active period, achieving greater mean and maximum distances.
The Iowa population, whose female turtles reached distances of over 200 m from flowing water, differs
from the Minnesota population, whose females typically remained within 100 m of water (Brown et al.,
2016).
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Due to water temperatures remaining relatively constant and above the critical thermal
minimum, during Prenesting and Prehibernation, when air and soil temperatures are low, the turtles are
located more frequently in aquatic habitats; they remain in riparian areas when terrestrial, which have
opportune sites for basking yet facilitate easy return to water as a refuge from cold nighttime air
temperatures. Females have a greater affinity than males do for open-canopy habitats during Prenesting.
This trend is not only possibly related to egg production, but also to male behavior. Since mating occurs
during Prenesting and Prehibernation, males rely on access to rivers to search for mates utilizing aquatic
and riparian habitats. While aquatic during the active season, males also encounter opportunities to
socialize and establish their dominance hierarchy with other males. Finally, both sexes become entirely
aquatic during the Hibernation period, selecting muddy or sandy areas on the bottom of rivers and
wedging themselves under submerbged logs, tree rootballs, and undercut banks to avoid zones with
strong currents (and thus avoid being dislodged). Any differences in overwintering patterns do not
appear to be sex related, supporting Greaves and Litzgus’ (2007) and Berg’s (2014) research previous
observations. While aquatic, both sexes prefer lotic over lentic habitats during all activity periods.
Because juveniles are rare in Iowa populations (Spradling et al, 2010) and the older juveniles that
were radio-tracked matured into adults during the study, juvenile data collected for this project was
limited, consisting of only 54 observations from a single year. To expand upon these findings, additional
studies should be conducted with larger samples of juveniles, taking place over several years. From
these few observations, it seems that as ambient temperatures increase, so does juvenile land usage,
reflecting the trend detected in adults. It also appears juveniles select a greater percentage of aquatic
habitats during the active season, similar to males. However, juveniles do not possess the same motives
as males for choosing aquatic habitats since they neither mate, nor sustain a position in the social
hierarchy. Being more susceptible to predation than large adults, juveniles appear to spend more time
hiding, both in terrestrial and aquatic habitats (J. Tamplin, pers. obs.).
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To conclude, understanding habitat selection patterns of Iowa wood turtles, including
fluctuations in the mean distance to water and in the percentages of each type of habitat selected during
seasonal activity periods, is important when providing recommendations for habitat management,
habitat restoration, and any human development project that could potentially impact this endangered
species.
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